The manuscript by Odolczyk et al. describes the discovery of novel corrector molecules of the unfolded CFTR deletion mutant. This is a multidisciplinary study that nicely combines complementary disciplines to address an important biomedical question, namely the discovery and validation of novel therapeutic molecules for the treatment of the cystic fibrosis. The study is based in an original hypothesis directed to target the interaction of the deletion mutant with proteins such as keratin 8 that appear to prevent its expression in the plasma membrane. Overall, this is a remarkable work, with well-designed experiments, and with conclusions that are supported by the data. A clear strength of the study is the blending of complementary approaches for the characterization of the active compounds that emerged from the in silico screening. Accordingly, I believe that this manuscript merits publication as an article in EMBO Molec. Med. Nonetheless, there are some concerns to improve the quality and clarity that require attention by the authors before publication.
1. Fig. 2d provides the normalized dose-response curves for the compounds but there is no explanation of how the activity was normalized and whether the maximum activity was different also for the different compounds. Fig 2b and Fig. 2d report that 1uM compound 73100, with an EC50 of 0.8 uM, displays a significantly lower response than compound 407882 that has a 10-fold higher EC50. Thus, the maximum activity appears also an important parameter for comparison between the different compounds to further appreciate their activity.
2. Fig 2c. Have the authors also corrected for the total protein loaded? Regarding to this, on page 10, authors say that compounds do not modify total protein expression. Have authors quantified any housekeeping gene such as actin or tubulin to conclude this? This is not mention anywhere in the manuscript.
3. Fig 3. The synergistic effect of using simultaneously compounds targeting pockets 1 and 2 is not clear. For instance, it can be observed some synergism when using 1 uM of 118208 and 73100 (Fig. 3b and d) . However, this synergy is not seen for the combination of 118208 and 407882 that display a rather additive effect. Which would be a plausible explanation for this apparent contradictory result of compounds that bind to the same site? Could it be related to the different activity displayed by compounds 73100 and 407882 at 1 uM (80% vs. 20% of the maximal activation, respectively (Fig. 2D) ). It should be noted that a synergistic effect between compounds acting at different sites is better studied by analysis of EC50 displacements rather than using a fix active concentration. A usual synergy study is to use a low active concentration of one compound and then perform a dose response curve of the other compound. Then, EC50 with and without the compound can be compared.
Fig 4.
Currents traces should be displayed. In addition, it is not convincing why reference compounds (Corr 4a and VX-809) have been used at 10 uM instead of 1 uM for comparison as they were used in iodide fluxes (Fig 2a) . Under these conditions, it is very difficult to reach conclusive results on how the activity of the discovered compounds compares with the references. Thus, these measurements should be carried out at the same concentration.
5. In Fig 4a, it is also intriguing that compound 73100 displays a significantly larger activity than 407882, when by using iodide fluxes it was observed that 407822 exhibited stronger response than 73100. Which is the explanation for this contradictory result? 6. In Fig. 4b , the IV curves clearly show the activating effect of the compounds. Intriguingly, it can be also observed that these products alter the reversal potential of the anionic currents. This is quite surprising since it is not expected that this sort of molecules impact the permeability properties of the CFTR channel. Furthermore, the effect on the reversal potential is different for a product that acts on pocket 1 (rightward shift) than for a compound binding to pocket 2 (leftward shift). And the presence of both compounds produces a change that is the average. Do the authors have an explanation for this effect? Did they check the impact of these compounds in wild type CFTR permeability properties? 7. Regarding the mechanism, the authors propose that compound alters the CFTR-K8 interaction and, as a consequence, the channel can be trafficked to the membrane. Although Figure 8 shows an effect on the interaction determined by PLA, these results could be also consistent with alteration of a complex contributed to both CFTR and Keratin 8, but not necessarily a direct effect on their interaction. Thus, a more direct measurement of the impact of compound on CFTR-K8 complex is needed. For instance, the authors could readily use SRP analysis (Colas et al. 2012 ).
8. The absence of effect of compounds in some cell lines is quite surprising and intriguing. Do the authors have an explanation for this cell-specific effect? The reference provided does not clearly clarify this observation.
Other points to be considered to increase the quality of the study are:
1. Is the VS methodology used in this work different from Kalid et al., 2010? Have authors used a different approaches/protocol, or made some improvements? This fact is not indicated in the introduction or the discussion.
2. Page 4, last sentence: Authors mention modification of keratin 18 network as a potential mechanism; however, this is not well introduced for a non-expert in the field. Why modification of keratin 18 network should contribute to an increase of F508-CTRF in the membrane or increase its activity? This question should be answered.
3. Could authors explain better why the incubation at 27∫C is used as corrector in iodide efflux measurements in HeLa? Include literature, if possible, and mention in the text which is the temperature used to assess the compounds.
4. Authors should describe first all the results with iodide efflux assays, including EC50 results which will give a more complete overview of the pharmacological activity of the compounds. Then, continue with the immunoblot results. So first describe results from figure 2d and then figure 2c. Please, include when possible, 95% limits for the EC50 at least in the text. On page 10, do not compare fold changes at 10uM concentration; compare the EC50 of the compounds. EC50 from reference compound should be included to compare with the active compounds also in the discussion. Figure 4a in pages 11-12 is very confusing when using the fold change since two vehicles are used. Thus, it is suggested that this description be based on the current density values or at least that these values be explicit along with the fold change.
The description of
6. Authors assume that detection of fully glycosylated protein band suggest a correct delivery of the channel to the plasma membrane. Do authors have any literature supporting this? If yes, then include it. In addition, it would be more elegant to detect the membrane levels of the protein, where channels are active. Biotinylation or immunocytochemimistry would demonstrate it.
7. Figure 2C should be improved: bands from WT and F508CFTR should be better defined in the figure, it should be clear that compounds are treated only on F508CFTR cells. Band B and C could be named with a proper name to what it define. Statistical analysis applied should be described in the corresponding figure legend.
8. Page 10, last paragraph. Authors evaluate if compounds exhibit also potentiator activity on WT-CFTR cells. Based on supporting figure legend 2, compounds are incubated 24h, and then iodide efflux is induced by incubation with Fsk. It is not clear if compounds are added also with Fsk. However, in the results section, it seems that compounds are only added with Fsk, and they are not pre-incubated for 24h, but from the figure legend it seems that they are added twice 24h before and with Fsk. On the other hand, Gsk is only added with Fsk without pre-incubation. Could authors explain this better?
9. Patch-clamp experiments, page 11 and figure 4. From the figure legend and the results section it is understood that all compounds were tested at 27∫C. Were also experiments with I-efflux measurement performed by incubation of the compounds at 27∫C? If yes, this should be better explain in the manuscript.
10. Patch-clamp experiments, page 11 and figure 4. Authors indicate that DMSO increase 10 folds the current intensity. Did it reach statistical significance? Because in the graph this is not evidence as it does not have any * or ** above the column. 
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. Results, page 9. Selected compounds were incubated for 24h and the CFTR-dependent response was induced by co-treatment with Fsk and Gst, as it is explained in figure legend. It would be appreciated to find this information also in the text. In figure 2A graphs, compound+inh-172 should be identified in the figure legend, not only +inh-172. This work represent a great effort to face a problem beginning with a theoretical approach, followed by a series of biochemical, and functional experiments in cell, tissue a whole-animal models, concluding with a molecular experiments that provides an explanation that are perfectly coherent with the starting molecular models. The main aim of the work, searching for substances to correct CFTR defects, is well accomplished. The whole procedure could be used for searching new, "drugable", compounds for the cystic fibrosis treatment.
Sometimes is written Cor4a others
The manuscript describes a long series of sophisticated experiments in a perfectly logic sequence. A nonspecialist may have difficulties to follow all experiments, but the conclusion are well explained to put in evidence the nature and aim of each experiment.
We thank the referee for his (her) positive review.
Referee #2 (Comments on Novelty/Model System):
This is a multidisciplinary study that used complementary approaches and technologies to discover and characterize the activity of deltaF508-CFTR correctors with the aim of identifying novel therapeutics for the treatment of cystic fibrosis. In this regard, technical quality, novelty and medical impact are high. The model system used is also appropriate and no ethical concerns are raised.
Referee #2 ( Remarks):
1. Fig. 2d provides the normalized dose-response curves for the compounds but there is no explanation of how the activity was normalized and whether the maximum activity was different also for the different compounds. Fig 2b and Fig. 2d report that 1uM compound 73100, with an EC50 of 0.8 uM, displays a significantly lower response than compound 407882 that has a 10-fold higher EC50. Thus,
the maximum activity appears also an important parameter for comparison between the different compounds to further appreciate their activity.
We agree with the reviewer that both maximum activity and EC 50 describe the corrector effects. In order to be able to compare the maximal activities of different compounds all dose-response experiments have to be done on the same day and on the same cell batches. This means that 4 different compounds have to be tested at 6-9 concentrations, and repeated 4 times. Our experimental set-up does not allow to do it. Therefore we performed dose-response experiments for different compounds on different days, and chose to normalize the values to the maximal activity taken as 100% (p.10 first paragraph). In the new version we have removed the dose-response for 118208 as we could not normalize it correctly (Fig 2C) .
2. Fig 2C (new Fig 2D) . Have the authors also corrected for the total protein loaded? Regarding to this, on page 10, authors say that compounds do not modify total protein expression. Have authors quantified any housekeeping gene such as actin or tubulin to conclude this? This is not mention anywhere in the manuscript.
As we agree that our sentence referring to total protein concentration measured before immunoblot Fig 1) . We have adopted the latter approach by calculating the C/B+C ratio. This is now precised in the supplemental material (Immunoblot section p. 7 and 8).
3. Fig 3. The synergistic effect of using simultaneously compounds targeting pockets 1 and 2 is not clear. For instance, it can be observed some synergism when using 1 uM of 118208 and 73100 ( Fig.   3b and d) . However, this synergy is not seen for the combination of 118208 and 407882 that display a rather additive effect. Which would be a plausible explanation for this apparent contradictory result of compounds that bind to the same site? Could it be related to the different activity displayed by compounds 73100 and 407882 at 1 µM (80% vs. 20% of the maximal activation, respectively (Fig.   2D) ). It should be noted that a synergistic effect between compounds acting at different sites is better studied by analysis of EC50 displacements rather than using a fix active concentration. A usual synergy study is to use a low active concentration of one compound and then perform a dose response curve of the other compound. Then, EC50 with and without the compound can be compared.
We thank the reviewer for this remark. Accordingly, we have performed a new series of experiments that are presented in the new Fig 3A and B. We have chosen to test 3 concentrations of 73100 and 407882 vs. 1 concentration of 118208 (1 µM). In both cases the synergistic effect was observed at low concentrations (of both 73100 and 407882). For the latter, saturation of the iodide efflux is rapidly reached even at 0.1 µM, while for 73100 it is attained at 1 µM. This is due to the principle of the method, i.e. while the efflux increases, the driving force diminishes preventing its further increase.
This also explains why the effect of Fsk+Gst is transient.
Fig 4.
As requested by the reviewer, examples of current traces are now displayed (Fig. 4A ).
We decided to use the reference compounds Corr-4a and VX-809 at 10µM instead of 1 µM, since in iodide fluxes experiments pretreatment of cells with 1µM Corr-4a was ineffective. Furthermore, treatment of cells with 1µM VX-809 led to a similar level of correction as 10µM treatment. The latter may be explained by the fact that, according to a previous report (van Goor et al PNAS 2011), 1 and 10µM of VX-809 lead to 80-90% of the correction obtained using the optimal concentration (3µM).
5. In Fig 4a, it is also intriguing that compound 73100 displays a significantly larger activity than 407882, when by using iodide fluxes it was observed that 407822 exhibited stronger response than 73100. Which is the explanation for this contradictory result?
We have performed new experiments to increase the number of cells studied, in two groups displaying high SD, i.e. cells treated with compound 73100 and with the VX-809 corrector. The results presented in Fig.4C Fig. 6B , which show neither synergistic nor additive responses to a combination of two compounds).
6. In Fig. 4b , the IV curves clearly show the activating effect of the compounds. Intriguingly, it can be also observed that these products alter the reversal potential of the anionic currents. This is quite surprising since it is not expected that this sort of molecules impact the permeability properties of the CFTR channel. Furthermore, the effect on the reversal potential is different for a product that acts on pocket 1 (rightward shift) than for a compound binding to pocket 2 (leftward shift). And the presence of both compounds produces a change that is the average. Do the authors have an explanation for this effect? Did they check the impact of these compounds in wild type CFTR permeability properties?
We apologize for the confusion generated by the reversal potentials presented initially in Fig.4B . In fact, I/V curves were examples of one cell per group and, unfortunately, they were not representative of the majority of cells tested, in particular for those treated by compound 118208. In the new version, curves have been drawn using mean values of currents recorded at different potentials between -100 and +80 mV. Reversal potential values are in agreement with the reversal potential of a chloride current that can be calculated from the external and internal chloride concentrations used in our experiments (-5.2 mV).
7. Regarding the mechanism, the authors propose that compound alters the CFTR-K8 interaction and, as a consequence, the channel can be trafficked to the membrane. Although Figure 8 shows an effect on the interaction determined by PLA, these results could be also consistent with alteration of a complex contributed to both CFTR and Keratin 8, but not necessarily a direct effect on their interaction. Thus, a more direct measurement of the impact of compound on CFTR-K8 complex is needed. For instance, the authors could readily use SRP analysis (Colas et al. 2012 ).
We thank the reviewer for this suggestion. We have performed a new series of experiments using the SPR approach. The results show a slight decrease in the binding of K8 to ∆F508-NBD1 and in the association rates when the 407882 or 407882+118208 are present in the K8 pre-incubation buffer as compared with control conditions. These results are now presented in Fig 8B and We do not have a clear-cut explanation for this effect. One possibility is that the accessibility of compounds to their respective binding sites is different depending on the cell type, which would explain absence of response to both compounds in CF-4KM cells. We agree that this answer is just speculative. As we do not have a precise explanation, and since this series of experiments does not add much to our manuscript, we would agree to remove these results, in case the referee or the editor ask for it.
Other points to be considered to increase the quality of the study are: it. In addition, it would be more elegant to detect the membrane levels of the protein, where channels are active. Biotinylation or immunocytochemimistry would demonstrate it.
It is well accepted that the mature protein is fully glycosylated with a MW of about 170kD (Cheng et al. Cell. 1991; 66:1027) . We agree with the reviewer that biotinylation or immunocytochemistry would further support our data. Since the immunoblot analyses show relatively low levels of mature CFTR after treatment, we preferred to use the most sensitive assays, i.e. functional tests, to demonstrate correction by the different compounds. The fact that functional assays constitute the best way to search for ∆F508CFTR correction is wildly accepted by the CF community (see However, in the results section, it seems that compounds are only added with Fsk, and they are not pre-incubated for 24h, but from the figure legend it seems that they are added twice 24h before and with Fsk. On the other hand, Gsk is only added with Fsk without pre-incubation. Could authors explain this better?
We apologize for the mistake in the legend of supporting figure 2. It has been corrected in the new version. To observe potentiator effect we used cells expressing wt-CFTR so no incubation with tested compounds was necessary: CFTR channels are already present in the plasma membrane. Thus, we activated CFTR channels by a cocktail of Fsk + the compound or by Fsk + genistein (genistein is here used as a positive potentiator control). Which is the added value to test the compounds in these two different CF human cells? This could be explained better on the results section and even in the discussion. Figure 5 , results with at least a reference compound should have been provided.
The effects of F508del-CFTR correctors are not only time-and concentration-dependent, but also cell type-dependent. We carried out preliminary experiments to determine the incubation time leading to the best correction.
For our correctors, we established an optimal treatment of 2h for CF-KM4 and of 24h for Hela cells. This is not the first time that a cell type-dependence of incubation time is described for a F508del-CFTR corrector. 19. Figure 6b , same format and column order as the other graphs with bars from the manuscript.
Remove N=4 above the columns, since it is in the figure legend. Author could mention in the results section, why amiloride is used at the beginning of the experiment as mentioned in figure 7 legend. 21. Results, page 9. Selected compounds were incubated for 24h and the CFTR-dependent response was induced by co-treatment with Fsk and Gst, as it is explained in figure legend. It would be appreciated to find this information also in the text. In figure 2A graphs, compound+inh-172 should be identified in the figure legend, not only +inh-172.
These changes have been done as requested.
22. Sometimes is written Cor4a others Corr4a in the manuscript and graphs, please write it always with the same abbreviation.
We thank the reviewer for careful reading of the manuscript. The same abbreviation has been used in the new version.
Figure legend 3:
We used a One-way analysis of variance followed by a Bonferroni post hoc test. This information is now in the figure legends.
Referee #3 (Comments on Novelty/Model System):
Nice work. I do not have many criticisms.
Referee #3 ( Remarks):
This is a nice manuscript and very comprehensive. I have one suggestion to add some experiments on wt-CFTR for comparison.
We have introduced the information about the lack of response of two tested compounds using patch clamp and short-circuit current experiments in the text, p12 and p13.
2nd Editorial Decision 08 July 2013
Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have now received the enclosed reports from the Reviewer who was asked to re-assess it. As you will see the s/he is now globally supportive and I am pleased to inform you that we will be able to accept your manuscript pending the following final amendments:
1) Please correct the sentence "dashed line indicate the level of correction...." which appears twice in Figure 3 to "the dashed line indicates the level of correction...."
2) As per our Author Guidelines, the description of all reported data that includes statistical testing must state the name of the statistical test used to generate error bars and P values, the number (n) of independent experiments underlying each data point (not replicate measures of one sample), and the actual P value for each test (not merely 'significant' or 'P < 0.05').
3) Please submit the revised manuscript without the red lettering as this is no longer needed Please submit your revised manuscript within two weeks. Needless to say, the sooner you do so, the sooner I will be able to accept the next, final version for publication.
***** Reviewer's comments ***** Referee #2 (Comments on Novelty/Model System):
After revising this amended version of the manuscript, I believe that the authors have appropriately replied to all my concerns, carrying out the requested experiments. The quality of the manuscript has significantly increased and it warrants publication in EMBO Medicine. Undoubtedly, this is a novel and original study with relevant results.
Referee #2 (General Remarks):
The authors have addressed all my concerns and the results obtained further support the main conclusions of the study, increasing the quality of the study. I am satisified with the authors reply and believe this study deserves publication in Embo Medicine in its present form.
2nd Revision -authors' response 18 July 2013
On behalf of all the authors, I would like to express our gratitude for your cooperation and kind support during the review process of our manuscript entitled "Discovery of novel ΔF508-CFTR correctors by targeting the specific conformation of nucleotide binding domain" by Odolczyk et al.
Please find enclosed the manuscript files, with all amendments introduced according to your last comments.
